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Fig. 1. Generated large bubble.

Fig. 2. Effect of immersion in acetone. A: Removal of organic materials, B: Combustion
of organic materials.
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Table 1. Firing procedures
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Starting Dried Temperature Firing Firing Vacuum starting ~ Vacuum finishing
temperature ~ temperature time  rise per minute temperature temperature time ~ temperature temperature
First opaque firing and . . . . .
second opaque firing 600C 8 min 55¢C 945 30 sec 700°C 945¢C
Dentin firing 600C 5 min 55¢C 930 1 min 700C 930
Enamel firing 600C 5 min 55¢C 915t 1 min 700C 915
Glaze firing 600C 3 min 55¢C 905 1 min 700C 905
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Table 2. Change in shade after re-firing

Mean SD
Li-L. 2.036 0.963
a-a 0.260 0.089
bi - b -0.209 0.19
AE 2.140 0.822

Table 3. Change in number of air bubbles after re-firing

Number of Number of
. . Mean SD

specimens air bubbles
Before re-firing 30 40 1.33 1.49
After re-firing 30 98 327 2.90

Table 4. Change in size of air bubbles after re-firing (unit: ym)

Mean SD
Before re-firing 81.97 32.03
After re-firing 142.94 47.40
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Fig. 4. Increase of air bubbles on porcelain surface after re-firing was detected in the stereomicroscope images. (arrows) (Original magnification, X 20).

A: Before re-firing, B: After re-firing.

B sy BE AT a o ATEE A 4 9

dol wade] o] 98-S Hol F9UTh AEGHE W
Q1 Az0] W37} Abgtel) Q14 5 9l A2 LEh] Hoﬂ

o] g&H ). Seghi 5"& AE < 10]W 2l #22} (average
observer)7} Afo] & Q14 & = glrkaL P om, I <AE<201H 7
gtk Hrte] RIert ZolA|ti7l, AE > 20]H BE #zA7}
= 1\“.4 Z]-O]E olAlgr 4= 9lth a1 519 =4, Johnston E°-&
AE<37 0¥ 9744 o2 wrol54 4= §lrhar 3191 11, Douglas
520 AE =2.60]1 2| 7}e] A} 50%7} 4 2ol 5 Q148 ,
E<550]% 944 0 2 Woksdl 4 glvha skgich. et 4
2o o Fol21 Vilmaz 5] A7 T7H B4 B3l 4
8% opaque Aol gk WA © 2 A Afof f-0] g} ¥ 3}
7h QITkaL ¥ 1 910w, Thet AE<26 0.2 Atge] A 3tE
Q¢ = ol eka Sk $, Ulndag 579} Ozurk 5
&A% =A) 3ojo] 488 EAlo] etk WELH O e
Abgrel Q141& wek st gleka shdek oWl A elA
AES] HFE 21424 AeEe] 472 Fushd, Aat
cﬂ/ﬂlgyl}_& -g].z]u ob\};@ oz HI-O].E-Q___] 2= o]L _,_ﬂ_v]_
s} Ak,

V449N 29 A3 1259 271 B A2
7

9
A e il nAE o /el 2
B7H A 50 dink 4, 4

M x}zﬂ um— 29 e o) e 8
Pz

g o ro ret
M
rlo
o
Ho
>

Tk, A4 0| o] Beo]A Uhe Wo] ) o] Zo]
Zof| WA o] f\]udﬁl Qe He 20 HAAEHRL
B, 4% A9 $9¢ SH02 A WA o 0 Bnd

Sogow 24, wo}am. AA AR AL e BAE 5
Sl $AG EURF) 7 ES F A1 e AL A B 45 m,
N2 AL A B 332 mol ST,

A2 wA)g] 7 Fe W e 7] 1, F7H (ranslucen-
WE FAA7IH 228 1542 5 QoA AnA g 2e
2 AN AT oW Aol 24 AF AR AR 7%
Se 159 27104 BF folal Zlss Avhe =
Aol 71240 Aelow F A E w5 Aok 24 &
% Zoll A Bele] §715 918 vibration A 2 & 5
ukol g3, 4819l 7] 27} ARk 19e o] 7| EE e R
B2 0.2 Aol vl el 7] 2 v Zeke] 271gto] 21
o] ofa) th7]eke] of 1109 =2 2T, UAkE 5]
27 Eg o] el 0w RHaET 24 T wA Ule] 7| 25
o A8 ez FAE T, Ago] A Eo] 7|gko] 10w
F1eh, 71 E50] 110 272 G2 RE 27 S 772

OIN—AQOHO

CHEtx|ntE HeE(R| 20114 497 23



SRE - ofelY - ZYE - BEY - oINS - URE

QISEfo| =EEH FSTAT| Rfado| Mz HHI|Z Fdoll ojx|= ekl Wt T

AN Wl = glovh JAFAA 2 A8 22 7|25 9
A1 Aok o ) 71 23e] 2 AEE 24 AT S,
e, ek A ol ol &l 27 P o} Powder liquid ratio 9 A] A

AAR1 7188 (porosity)el] & < -
Cheung 52 571291 7417} D .8 H40] 7 SlA| vk, &

Foll dojut= slukgof ofa] Ael7t Fefart oA &
¥} 9hg-sto] gepnk-go] dojubal 1 A 7haE B
o1tk 519 T} Palladium oxide = 1120 A] H3)j 5] o] A4S Hb
=3t 55 B4 AWM 7125 FEAIZE okl B
] Ak

SAle 71 2E A= 7MY TEH YU E FEEE A
a5EHY] edEZolth F&EHd v e dAnkA YApot
A 59 ol &, 7157] Y 7tafd B, 55 EHY 7
AlgE @ B &l ZHR3HE 271, 71 Aloll F40lA WEH
Ttaee A A v 2 E V| 2oke g A s fist
o /g Mol S A&t S st 7ol L, EAle] F
A7} G T, 2x7t 35| A& T, A2 5El v A
7127 A R0 R o] HFste Aol o, 14
¥} shabe o] 7] 27F A st AA AL @l of of= -7t
Bk o Age] Ax 7| xe] A7} FolsHAl STk =
dl, F&EHe] ede] 7 2 Y Aol 58 4= 3lth

=
6] A 2HE suberitical crackel] -2F=| o] AT b 7FE HHA] gsE
P Hlo A= 1o 71X E P F IA 47 F
=3 & = otk o Aol M e ZE A A S AFEd o 7Y
HAIZ] F opH| Bl 3A13E Bt F7F F71BEE S A AT
ALt o Ao AnE Bl 24 Fol=

>

A EE BEE 5 g ABE Y A0 Hop AFE
oA frol @ A EWe] G71BAe 24 Ao 7| ES
&% gl 47183

a7 AL B a4 A 7|22 34

o] OMIE AH3} A7 Sl HS] A2 35 & AR AR
SITFL & 4 QITh 5, A4 T3 £7] B

A Eol 7| £/ B A Bleke Age] FHH oz D
gk AR g

=
AE=2.14 2] 7 AR 37} Q1415 7] e g, QA o

=
Zoled Fle =t

CHEHR| D= Het5(x] 2011 493 23

2.2 A HY 9] FHVE N A4 A 1.33 + 149 7Rl A

3.2k Al AW FHYE A7) =

12

—

10.

11.

12.

13.

14.

15.

16.

17.

18.

t

d
AX F327 £ 29002 BAA o & folsA F71std
(P<05).
2d 7 8197 + 32,03 umoi| A
A3 F 129 £ 4740 m 2 S A 0.2 F-2f S| S8t
T} (P<05).

rat

=
i

Yamamoto M. Metal-Ceramics. Chicago: Quintessence Publishing
Co., 1985. pp. 119-34.

Pjetursson BE, Brigger U, Lang NP, Zwahlen M. Comparison of
survival and complication rates of tooth-supported fixed dental pros-
theses (FDPs) and implant-supported FDPs and single crowns (SCs).
Clin Oral Implants Res 2007;18:97-113.

. QGaliatsatos AA. An indirect repair technique for fractured metal-

ceramic restorations: a clinical report. J Prosthet Dent 2005;93:
321-3.

Kelly JR, Nishimura I, Campbell SD. Ceramics in dentistry:
historical roots and current perspectives. J Prosthet Dent 1996;75:18-
32.

Stannard JG, Marks L, Kanchanatawewat K. Effect of multiple fir-
ing on the bond strength of selected matched porcelain-fused-to-
metal combinations. J Prosthet Dent 1990;63:627-9.

Mackert JR Jr, Williams AL. Microcracks in dental porcelain and
their behavior during multiple firing. J Dent Res 1996;75:1484-90.
Isgro G, Kleverlaan CJ, Wang H, Feilzer AJ. The influence of mul-
tiple firing on thermal contraction of ceramic materials used for the
fabrication of layered all-ceramic dental restorations. Dent Mater
2005;21:557-64.

Ritter JE. Predicting lifetimes of materials and material structures.
Dent Mater 1995;11:142-6.

Calamia JR. Etched porcelain veneers: the current state of the art.
Quintessence Int 1985;16:5-12.

Clyde JS, Gilmour A. Porcelain veneers: a preliminary review. Br
Dent J 1988;164:9-14.

Nicholls JI. Tensile bond of resin cements to porcelain veneers. J
Prosthet Dent 1988;60:443-7.

Aboush YE. Removing saliva contamination from porcelain ve-
neers before bonding. J Prosthet Dent 1998;80:649-53.

Phark JH, Duarte S Jr, Kahn H, Blatz MB, Sadan A. Influence of
contamination and cleaning on bond strength to modified zirco-
nia. Dent Mater 2009;25:1541-50.

Yang B, Wolfart S, Scharberg M, Ludwig K, Adelung R, Kern
M. Influence of contamination on zirconia ceramic bonding. J Dent
Res 2007;86:749-53.

Barghi N, Goldberg. Porcelain shade stability after repeated firing,
J Prosthet Dent 1977;37:173-5.

Barghi N, Richardson JT. A study of various factors influencing
shade of bonded porcelain. J Prosthet Dent 1978;39:282-4.
Jorgenson MW, Goodkind RJ. Spectrophotometric study of five
porcelain shades relative to the dimensions of color, porcelain thick-
ness, and repeated firings. J Prosthet Dent 1979;42:96-105.
Seghi RR, Hewlett ER, Kim J. Visual and instrumental colorimetric

165



SR - ofold - ZNE - B

BEA - ORE - A=

QIZEtodol| EEH FLTAze| KAHo| Mot FHI|E HMof ojx|= HEH

of 23t 047

19.

20.

21.

22.

23.

166

assessments of small color differences on translucent dental
porcelain. J Dent Res 1989;68:1760-4.

Johnston WM, Kao EC. Assessment of appearance match by vi-
sual observation and clinical colorimetry. J Dent Res 1989;68:819-
22.

Douglas RD, Steinhauer TJ, Wee AG. Intraoral determination of
the tolerance of dentists for perceptibility and acceptability of shade
mismatch. J Prosthet Dent 2007;97:200-8.

Yilmaz B, Ozgelik TB, Wee AG. Effect of repeated firings on the
color of opaque porcelain applied on different dental alloys. J Prosthet
Dent 2009;101:395-404.

Uludag B, Usumez A, Sahin V, Eser K, Ercoban E. The effect of
ceramic thickness and number of firings on the color of ceramic
systems: an in vitro study. J Prosthet Dent 2007;97:25-31.
Ozturk O, Uludag B, Usumez A, Sahin V, Celik G. The effect of
ceramic thickness and number of firings on the color of two all-ce-

24.

25.

26.

27.

28.

ramic systems. J Prosthet Dent 2008;100:99-106.

Jones DW, Wilson HJ. Porosity in dental ceramics. Br Dent J
1975;138:16-21.

Cheung KC, Darvell BW. Sintering of dental porcelain: effect of
time and temperature on appearance and porosity. Dent Mater
2002;18:163-73.

Hofstede TM, Ercoli C, Graser GN, Tallents RH, Moss ME,
Zero DT. Influence of metal surface finishing on porcelain poros-
ity and beam failure loads at the metal-ceramic interface. J
Prosthet Dent 2000;84:309-17.

Anusavice KJ, Phillips, RW. Phillips' science of dental materials.
7th ed., New York: Elsevier; 2003. pp. 672.

Zhang Y, Griggs JA, Benham AW. Influence of powder/liquid mix-
ing ratio on porosity and translucency of dental porcelains. J
Prosthet Dent 2004;91:128-35.

CHEtx|ntE HeE(R| 20114 497 23



ORIGINAL ARTICLE

Influence of porcelain re-firing on the formation of surface bubble and on the change

in shade of metal-ceramic crown exposed to artificial saliva

Ji-Hyun Park, DDS, MSD, In-Sung Yeo, DDS, MSD, PhD, Sung-Hun Kim, DDS, PhD,
Jung-Suk Han, DDS, MSD, PhD, Jai-Bong Lee, DDS, MSD, PhD, Jae-Ho Yang*, DDS, MSD, PhD
Department of Prosthodontics, School of Dentistry, Seoul National University, Seoul, Korea

Purpose: The purpose of this study was to evaluate the influence of porcelain re-firing on the formation of surface bubble and on the change in shade of metal-ceramic crown
exposed to artificial saliva. Materials and methods: Thirty disk-shaped specimens were made in 10 mm diameter with 0.5 mm metal core thickness and 1 mm ceramic thick-
ness. A spectroradiometer was used to determine the CIE Lab coordinates. The number and size of surface bubble were observed with a stereomicroscope. After the exposure
to artificial saliva for 7 days, re-firing was performed at glazing temperature. After re-firing, the CIE Lab were calculated, and the number and size of surface bubble were observed
again. The change in shade was expressed with AE . Statistical analysis was done with paired t-test for the change in the number of surface bubble and student t-test for the
change in the size of surface bubble (¢ = 0.05). Results: Shade difference was calculated 2.14 AE units. The mean number of surface bubble was 1.33 &= 1.49 before re-fir-
ing, 3.27 £ 2.90 after re-firing. After re-firing, the number of surface bubble was significantly increased (P<.05). The mean size of surface bubble was 81.97 & 32.03 um before
re-firing, 142.94 & 47.40 um after re-firing. After re-firing, the size of surface bubble was significantly increased (P<.05). Conclusion: Shade change after re-firing was per-
ceptible (AE <2.0) and clinically acceptable (AE < 3.7). The number and size of surface bubble was significantly increased after re-firing. Further investigation to decrease
the surface bubble on the extra oral repair of metal-ceramic crown, will be needed in future study. (/ Korean Acad Prosthodont 2011;49:161-7)

Key words: Metal ceramic crown, Re-firing, Shade, Surface bubble
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